Objectives To evaluate the effects of topical hemocoagulase on intra-oral extraction sockets and impact on the healing process as well as to produce a clinico-histological healing score. Study Design This prospective study compared two extraction sites in each subject. One site received topical hemocoagulase while other site did not receive it. Both the sites were chosen in the same patient and extraction was done at separate intervals. The biopsy was done on a random basis with the pathologist being blinded to the study. Clinical evaluation was done on days 7, 14 and 21. Biopsy was done either on days 7 or 14 for the case as well as for the control. A clinical as well as histological score was developed and the healing was assessed. Statistical analysis was done using Wilcoxon signed rank test and p value B 0.05 was considered significant and z-score was also calculated. Results The clinical score did not show any statistical significance. The histological total score on day 14 and combined overall analysis of days 7 and 14 showed statistical significance. There was an increased incidence (n = 4) of osteoid formation in the hemocoagulase group on day 14. Conclusion The application of hemocoagulase may improve and accelerates the process of wound healing in extraction sockets.
Introduction
Impaired wound healing is a common clinical problem that occurs due to disordered collagen formation and underlying predisposing conditions [1, 2] . Drugs that arrest bleeding, promote epithelization and provide relief from pain have been widely used to accelerate healing. It is a well known fact that snake venom, one of the most concentrated enzyme sources, is a valuable expedient of the healing process. Botroclot (Jaggat pharmaceuticals)-a topical preparation that is prepared from snake venom contains extracted hemocoagulase. It is used for its healing as well as procoagulant properties. It has been introduced to arrest bleeding at the site of injury.
Botroclot, a nontoxic systemic hemocoagulant fraction of venom is obtained from the Brazilian snake Bothropsjararaca or atrox. Preparations are available all over the world by different names e.g.: Botroxobin [3] -a WHO approved product, Botropase-a systemic procoagulant. The preparation of Botroclot topical solution in each ml contains: (a) Acqueous solution of hemocoagulase isolated from Bothrops atrox or Bothrops jararaca 0.2 Cu/ml. (b) Chlorhexidine 0.1 % v/v (as a preservative) and (c) Water for injection IPq.s Hemocoagulase has multifaceted procoagulant [4] actions. It accelerates the formation of fibrin monomers and hastens fibrin clot formation. It activates factor Xa and helps in the formation of thrombin at the site of hemorrhage. It is also found to stabilize the fibrin by an action on the Factor XIIIa (Fig. 5) . A few reports have suggested that this parenteral preparation acts like a prohealer, enhances epithelization, increases wound tensile strength and the turnover of collagen in the healing of wound [5] [6] [7] . There is no data on the efficacy of hemocoagulase topical solution in arresting bleeding from extraction sockets and its effects on tissue repair intra-orally. Hence, this study was undertaken to evaluate the effects of hemocoagulase on intra-oral extraction sockets and healing process of a post-extraction wound. The other objective of this study was to develop a healing score for an extraction socket.
Materials and Methods
The study was conducted in the department of Oral and Maxillofacial Surgery, Manipal College of Dental Sciences, Mangalore during a 2 year period from January 2004 to December 2005. The study protocol was approved by institutional ethics committee. Patients were included during the study period if they satisfied the inclusion criteria. The study protocol was explained and informed written consent was obtained from all patients who were involved in the study. Patients who could not adhere to the study protocol of follow-up were excluded from the study. Inclusion criteria were: patients aged between 18 and 70 years undergoing multiple tooth extractions (because of grossly decayed or nonrestorable teeth, or severe periodontitis). This ensured that same patient could have both the hemocoagulase and control site. All the sites were chosen such that they were not located in close proximity and extractions were done at different time intervals. Extractions of third molars were not included. This ensured that hemocoagulase did not spread to the control site. The site where hemocoagulase was applied was taken as ''test'' site where as other site was chosen as the ''control'' site in the same patient.
Exclusion criteria included patients with known premorbid conditions like thromboembolic disorders, hypertension, haemophilia, diabetes mellitus, anticoagulant therapy, pregnant and lactating patients, hypersensitivity to hemocoagulase topical solution and other constituents of the formulation, HIV-positive patients and patients with mental illness. Clinical information with respect to demographic details, reason for extraction was noted.
Once the patients were included in the study, coagulation profile, bleeding time and clotting time were evaluated. Extraction was done under local anaesthesia (2 % lignocaine with 1:2,00,000 adrenaline) and time taken for arrest of bleeding was monitored. At the first site after extraction, once bleeding stopped, 2-3 ml of hemocoagulase solution was topically applied in a gauze piece and the patients were advised to keep the gauze in place for 30-45 min. Patients were taught the manner in which, hemocoagulase should be topically applied twice daily for a total of 7 days. Patients were reminded telephonically to apply hemocoagulase topical solution and were called for follow-up after 7 days.
On day of the follow-up, extraction procedure was carried out at another site which required extraction, as identified on day one. This site was chosen as the control site. Hemocoagulase was not applied to this site. The patients were then followed up again on day 14 and day 21 for each site. Once the extraction was done, clinical healing of the site was noted on every visit.
The biopsy was done by simple randomization either on day 7 or on day 14, on the same day for both control and test sites. The biopsy was sent to the oral pathologist who was blinded to the study and did not know from which site the sample of biopsy was send as well as on which day the biopsy was done. The biopsy was sent to the pathologist in 10 % formaldehyde solution. Histological evaluation was done using hematoxylin and eosin (H&E) staining and Masson's trichrome staining.
The reports were collected, compiled and analyzed at the end of the study. Clinical healing was based on the investigators clinical observation. This was based on amount of inflammation of the soft tissue, amount of epithelium proliferation surrounding the socket and amount of granulation tissue filling the socket. It was classified into (a) Excellent healing where there was minimal or no inflammation of the soft tissue, good amount proliferating epithelium and socket was completely filled with granulation tissue. (b) Good healing where there was mild to no inflammation of soft tissue, moderate amount of proliferating epithelium and socket was completely filled with granulation tissue. (c) Moderate healing where there was moderate inflammation of the soft tissue, mild amount of proliferating epithelium and when the socket was half to two-third filled with granulation tissue. (d) Poor healing was defined as a socket with moderate to severe inflammation of surrounding soft tissue, exposed bone surface and insufficient amount of granulation tissue. A dry socket was also considered as poor healing.
For assessing the quality of healing, histological evaluation of wound tissue was done and following features were observed: (a) Epithelial keratinization: epithelial proliferation, The histological score of healing was finally categorized based on the total score:
Up to 11-poor healing 12-15-Moderate healing 16-18-Good healing C19-Very good healing
The clinical healing details were recorded on days 7, 14 and day 21 and appropriate scoring was done. Histological assessment and scoring were done on only days 7 and 14. On day 21, histological biopsy was not done and so scoring was not done.
Statistical Analysis
The clinical as well as histological scoring system was expressed as numerals along with percentages in both the control and test site. Wilcoxon signed rank test was used as test of significance and p value \0.05 was considered significant. The z-score was also calculated.
Results
Fifty-six patients qualified for the study based on the inclusion criteria. Of these only 38 patients could adhere to the protocol and so were taken as the study population. The male to female ratio was 7:31. The mean age of the patients was 47.34 ± 12.29 years. When the mean age and sex in the study population were compared there was statistical significance (p \ 0.001) ( Table 1) .
The clinical scoring of healing was done on day 7, day 14 and day 21. The clinical scoring did not show any statistical significance. The histological scoring was done on day 7, day 14 and a combined overall analysis was done. This is depicted in Table 2 . On day 7, biopsy was done only in 16 patients in the control group compared to 18 patients in the hemocoagulase group. It was because in one patient the healing was very poor and there was dry socket whereas in the second patient, healing was good clinically but biopsy sample was insufficient for histological evaluation.
For day 14 postoperative evaluation, the hemocoagulase group had 19 patients where as the control site had 20 patients. This was because in one biopsy sample from hemocoagulase site the tissue was insufficient for histological evaluation. The histological total scoring on day 7 did not show statistical significance, but day 14 and overall combined analysis was statistically significant p = 0.012 and p = 0.004 respectively.
The comparison of both the groups with respect to components of the histological scoring was done on day 7, day 14 and a combined overall scoring was done. This is depicted in Tables 3, 4 and 5 .
When the histological scoring was compared in the both the groups on day 7 there was no statistical significance (Table 3) . Similarly, when both groups were compared for histological components on day 14 there was statistical significance in the epithelium (p = 0.0013), collagen quantity (p = 0.002), collagen organization (p = 0.014), fibroblast activity (p = 0.029), inflammation (p = 0.014), degree of fibrosis (p = 0.034) and fibrin mesh (p = 0.039) ( Table 4) .
There were four biopsies in the hemocoagulase group which showed presence of osteoid formation and none in the control group. When both the groups were compared after combining the day 7 and day 14 findings there was statistical significance noted in epithelium (p = 0.002), collagen quantity (p = 0.007) and collagen organization (p = 0.003) and degree of fibrosis (p = 0.037) ( Table 5 ). The histological slide depicting poor, moderate, good and excellent healing is shown in Figs. 1, 2, 3 and 4 respectively.
Discussion
The most commonly performed procedure in oral surgery is tooth extraction; healing of which is a multifactorial process and is determined by systemic and local factors that influence the outcome. Only a few studies [8] [9] [10] [11] have documented the histology of extraction-socket healing in humans. The work done by Amler et al. [9] have shown the stepwise process of extraction socket healing. Additionally, Boyne [10] studied extraction-socket alveolar bone biopsies and, more recently, Devlin and Sloan [11] studied extraction-socket biopsies harvested during resective cancer surgery. Normal healing of the extraction site is dependent on blood clot formation, the progression of that clot to an organized matrix, and the formation of bone. Inability to heal will lead to development of dry socket.
The process of extraction socket healing can be accelerated using various products. These include platelet rich plasma, phenytoin, snake venom and various artificially created biological products. Of these, snake venom contains a variety of proteolytic enzymes affecting the coagulation process. They are denominated as snake venom thrombin like enzymes (SVTLE) [12] . These SVTLE are procoagulants and convert fibrinogen to fibrin. They have been extensively studied by both basic researchers and clinicians because of their potential therapeutic uses in myocardial infarction, ischemic stroke and thrombotic diseases. Snake venom proteins not only influence coagulation but also help in platelet plug formation. These proteins are potentially useful as reagents for clinical and basic research of thrombosis and hemostasis.
The wounds of the oral cavity heal rapidly. With obvious exception, infection of the oral wound is rare. Rich vascularity and salivary factors are believed to be involved in the faster rate of oral tissue repair. Occasionally, the management of the oral wound requires medication. The implications of a procoagulant, antiseptic, anti-inflammatory and anti-infective drug application on the healing wound are quite substantial, drawing attention from clinicians. However, the medication used should not affect the reparative process adversely. Snake venom has all the above properties and so it was considered for the study. This is the first study that demonstrates the use of intra-oral topical hemocoagulase-a processed snake venom preparation (Botroclot-Jaggat Pharmaceuticals) to accelerate the process of healing in extracted sockets (Fig. 5) . In this study we have analyzed the process of healing in these extraction sockets and also studied the effect of processed snake venom on the same. We have clinically as well as histologically evaluated the process of healing, both on the control and topical hemocoagulase applied sockets by doing random biopsy on day 7 and day 14. This has allowed us to develop a clinical as well as histological score for the healing process. The clinical score was based on the investigators clinical observation. This did not show any statistical significance on all the 3 days. Histological score was based on various factors and this was done on day 7 and day 14 as well as a combined score of days 7 and 14 was computed. This showed statistical significance. Biopsies were not done on day 21 since most of the wounds heal within 21 days and logistically it was not possible to call patients for a second biopsy.
In our study, patients with multiple extraction sites were chosen as candidates for the study. The control and test sites were chosen at different times in same patient, thereby preventing spread of hemocoagulase from one side to other. This also ensured that baseline characteristics of the patient with respect to healing did not change when both the sites were compared. Furthermore, our pathologist was blinded to specimen and so the results were not biased. Practically, it is not necessary to biopsy every socket that gets extracted since invariably, most of the extraction sockets heal. The biopsies in our study helped us to understand the process of healing and how the use of hemocoagulase helped in accelerating the process of healing. The study has also led us to develop a unique score for healing of the sockets both clinically and histologically. Clinically, it is not possible to determine how exactly the healing process is occurring based on inspection of the extraction site. Random biopsies were done on day 7 and day 14 to determine the process of healing. Each patient was subjected for the biopsy for test and control site either on day 7 or day 14. The presence of osteoid formation in the histological study was considered as one of the important pointer to the healing process. This was seen in 4 patients, all in the hemocoagulase group on day 14. Similarly, parameters that showed statistical significance include epithelium, collagen quantity and organization, degree of fibrosis. We are aware that this is a small sample and it would be difficult to extra polate these results as applicable on a larger basis. Nevertheless, it can be suggested that topical use of hemocoagulase for extraction wounds is advantageous in two ways: that it arrests bleeding, and secondly, improves the structural integrity of the newly laid scar tissue. Further research is necessary to elucidate the exact mechanism of action of hemocoagulase on wound healing.
Conclusion
Our study has documented that the application of hemocoagulase may improve and accelerate the process of wound healing in extraction sockets. In the process, we have not only compared this with healing in sockets where nothing was applied but have also shown that the healing is definitely accelerated. In addition, we have taken into consideration the various histological parameters and developed a healing score which can be used to assess the process of healing in extraction sockets.
